) are increasing as a result of existing and potential development of extensive coal, oil, gas, uranium, and oil-shale resources. Planners need more useable information than is now available concerning the effects of proposed development alternatives on the water resources of the basin (Lowham and others, 1976) . Water quality, specifically salinity, is an important factor in determining water use and in assessing possible impacts of those uses over time. Salinity data have been collected on the Green River and its major tributaries during the last 25 years, but use of the data in tabular form as published has been limited. A quantitative description of salinity in the Green River and its major . ^ tributaries is useful to the evaluation of alternative development ._ T ' plans.
.' 
Purpose
The purpose of this report is to present a method for converting salinity data into more useable information. Specific objectives are to develop and demonstrate a regression model that would enable daily concentrations and monthly and annual mean loads of the major dissolved inorganic constituents to be estimated at streamflow stations where only monthly samples have been collected.
Data Analyzed
Data analyzed in this report are from streamflow and water-quality stations operated by the U.S. Geological Survey in cooperation with other Federal agencies and with the State of Wyoming. Station locations are shown in figure 2. Table 1 lists sampling stations and period of record for which data were analyzed. In general, the data include analyses of the major inorganic constituents from discrete samples collected before October 1975. Several of the stations have historical water-quality records available in addition to the data used for this study.
METHOD OF ANALYSIS
A quantitative description of the solutes transported in a stream system is useful to evaluate the impacts of proposed or past surfacewater development projects (such as reservoirs, irrigation systems, and withdrawals for municipal or industrial use). Many published waterquality records consist of analyses of monthly samples. Natural variability of streamflow during a month reduces the value of a discrete sample to represent streamflow quality throughout the entire month. When daily streamflow records are available in addition to monthly water-quality records, an improved representation of streamflow quality throughout the month may be obtained from estimates that utilize functional relations between streamflow and solute concentration. Multiple-variable regression is used in this report to define the relation of solute concentration to streamflow and day of the year. Dissolved-solids concentration in a stream is related to many factors, but one of the most important is the volume of water available for dilution (Hem, 1970, p. 271) . In general, higher concentrations occur at lower streamflows, and with increasing flows concentrations tend to decrease.
Concentration of the major dissolved inorganic constituents in a stream can be related to streamflow by the following two-variable regression equation (Steele, 1973 and :
where C = concentration, in milligrams per liter, Q = streamflow, in cubic feet per second, and A and B = regression coefficients.
An example of this relation is shown in figure 3 . Concentration residuals (differences between estimated and observed concentrations) shown in figure 4 are consistently positive during some periods and negative during other periods.
Seasonal shifts in the concentration-flow relation, as exemplified in figure 4 , are typical of data for the stations analyzed in this report and, in general, limit the application of equation 1 to depict concentration-flow relations in the Green River Basin. The regression procedure, assuming a constant year-round relation, causes concentration residuals totaled over the entire regression period to approach zero. Positive residuals during one period are balanced against negative residuals during another period. Because streamflow is not evenly distributed over time, residuals from loads calculated from streamflow records and estimated concentrations will normally not approach zero. This leads to inaccuracies both in estimation of annual loads at a given site and seasonal distribution of the annual load over the year. 
where t = day of the water year (table 2) , a = 0.987 degrees per day or 0.0172 radians per day, and B through 65 = regression coefficients (table 3) .
Parameters B o through B 5 were determined for the major dissolved inorganic constituents by a multiple-variable regression technique using a computer program developed by K. C. Glover (written commun., 1976) . Regression-analysis results for the stations covered in this study are listed in table 3. To demonstrate the improved accuracy of the multipleregression model in describing variability of dissolved-solids concentration, residuals of the model are plotted versus time in figure 5. This may be compared with the previous two-variable regression example ( fig. 4 ) The same data for station 09188500 were used in both cases. Similar changes in terms of reduced magnitude and more random time-series distribution of residuals were found for other stations analyzed in this report. Hence, subsequent computations in this report utilize the model determined by the multiple-regression technique. 
DIFFERENCE BETWEEN ESTIMATED AND OBSERVED

DISSOLVED-SOLIDS CONCENTRATIONS, IN PERCENT
APPLICATION OF THE MULTIPLE-VARIABLE REGRESSION MODEL Computation of Monthly Mean Dissolved-Solids Loads
Monthly mean dissolved-solids loads can be computed from daily streamflow records using the multiple-variable regression model previously described to estimate daily concentrations in the following relation:
where L = monthly mean load, in tons per day, b = 0.0027 (tons per day (milligram) (cubic feet per second), d = days per month, j = day of month, Cj = daily concentration, in milligrams per liter, and QJ = daily discharge, in cubic feet per second.
Daily dissolved-solids concentrations can be estimated by another method when daily specific conductance data are available. Dissolvedsolids concentration can be related to specific conductance ( fig. 6 ) by the following equation (Steele, 1973) :
where Cj = daily dissolved-solids concentration, in milligrams per liter, E and F = regression coefficients (table 4) , and K = specific conductance, in micromhos per centimeter at 25°C.
Because of the large number of calculations involved in estimating dissolved-solids loads, equations 1 through 5 were incorporated into a computer program developed by K. C. Glover (written commun., 1976) . Card output from the program was used with an off-line card reader and X-Y plotter to produce solute-load hydrographs as exemplified for dissolved solids in figures 7-14. Individual constituent concentrations and loads (table 3) also can be estimated and plotted.
Semi-quantitative conclusions can be drawn from the dissolvedsolids-load hydrographs (figs. 7-14) . At stations 09209400, 09211200, 09217000, 09222000, and 09224700 (figs. 9, 10, 12, 13, and 14) where daily specific-conductance data are available, generally good agreement exists between loads computed from concentrations estimated by the two previously described methods. Because identical scales are used on the £ " The chemical character of the dissolved-solids gain serves as an indicator of sources. Samples from seeps along the Big Sandy River downstream from station 09216000 range from 3,800 to 6,800 milligrams per liter dissolved solids of which 84 percent is sodium plus sulfate by weight. Station 09216050 Big Sandy River at Gasson Bridge near Eden, Wyoming, ( fig. 2 ) was established downstream from the seeps in May 1972 for the purpose of collecting streamflow records. Because water-quality sampling at the station was not initiated until February 1975, there are not yet enough data available to estimate dissolved-solids loads to quantitatively determine the dissolved-solids contribution of seeps along the Big Sandy River between stations 09216000 and 09216050. Discharge from the seeps has not been measured directly, but streamflow records at the two stations indicate a mean discharge gain of about 20 cubic feet per second in October when there is less evapotranspiration and negligible surface-water gain. Based on an average flow from the seeps of 20 cubic feet per second at a concentration of 5,000 milligrams per liter dissolved solids, the annual discharge from the seeps would average about 100,000 tons of dissolved solids which would account for about 88 percent of the load gained in the Green River and Big Sandy reaches enclosed by stations 09211200 and 09216000 upstream, and 09217000 downstream. To demonstrate how the amount and chemical character collectively aid ihi delineating sources of salinity, the sum of sodium and sulfate loads versus total dissolved-solids load is plotted for this example in figure 18 . The close proximity of points representing the sum of the estimated seepage load and upstream stations to points representing loads at station 09217000 indicates good agreement both in amount and chemical character of the load gained in the intervening reaches despite a relatively large variation in loads at stations 09211200 and 09216000. Analyses similar to this example can be used in many other reaches where discrete monthly samples and daily streamflow records are available. This type of analysis would be difficult based on discrete monthly samples alone. igure 18. Sum of dissolved-sodium and dissolved-sulfate annual loads versus dissolved-solids annual loads for estimated seepage and stations 09211200 Green River below Fontenelle Reservoir, Wyoming; 09216000 Big Sandy River below Eden, Wyoming; and 09217000 Green River near Green River, Wyoming.
SUMMARY
Daily concentration of dissolved solids in a stream may be estimated from daily streamflow records using a multiple-variable regression model developed from chemical analyses of samples collected on a monthly basis. The model relates dissolved-solids concentration of the stream to streamflow. Seasonal variation of dissolved solids not directly related to streamflow are accounted for in the model by the incorporation of harmonic functions of time. Because of the variability in streamflow and dissolvedsolids concentration of streams in the Green River Basin, monthly mean loads and concentrations computed from daily estimates from the model provide a better representation of overall dissolved-solids concentration of the streams than do discrete monthly samples. Consequently, estimates from the model of dissolved-solids concentrations provide information useful to water planners and managers concerned with the evaluation of impacts of proposed and past water-development projects (such as reservoirs irrigation systems, and withdrawals for municipal and industrial use). The model may also be utilized in assessing the feasibility of reduced sampling frequencies for providing continuing information on long-term trends in salinity-streamflow relations and shifts in sampling locations for providing additional information on sources of salinity. An overall reduction in the data collection effort allocated to salinity in the streams of the Green River Basin would allow greater emphasis to be applied to other equally important water-quality factors for which few data are presently available. 
